Background: Prophylaxis of venous thromboembolism with low-molecular-weight heparins in patients undergoing major orthopedic surgery is currently initiated according to at least 3 different regimens. In Europe, traditionally, prophylaxis is started 12 hours before surgery, whereas in North America it is initiated 12 to 48 hours postoperatively. The third regimen (perioperative) begins prophylaxis either earlier than 12 hours before or 12 hours after surgery. Unfortunately, the optimal regimen is uncertain because direct comparisons among these regimens with sufficiently large sample sizes are not available.
M ULTIPLE RANDOMIZED clinical trials have established that treatment with low-molecular-weight heparin (LMWH) is an effective and safe method for preventing venous thromboembolism after elective orthopedic surgery. It is believed that the surgical procedure itself (and the associated immobility) is the primary initiator of the thrombotic process. This notion of pathogenesis has led to the widely held European view that, to be optimally effective, prophylaxis should be initiated preoperatively. On the other hand, concerns about the risk of bleed-ing during surgery and the interference with regional anesthesia led to the North American approach of initiating LMWH after surgery. Therefore, for years, clinical practice relating to the time of initiation of prophylaxis has differed in Europe and North America. In the typical European regimen, prophylaxis is started 12 hours prior to surgery, whereas in North America, prophylaxis is usually started 12 to 24 hours after the operation. An alternative approach, which has recently been reinvestigated, is to start prophylaxis several hours before or shortly after surgery with adapted doses. All 3 regimens have been shown to be effective in preventing postoperative deep vein thrombosis (DVT), but there are no definitive data about the relative efficacy and safety of these 3 strategies.
In the absence of clinical trials with adequate sample sizes comparing the 3 regimens directly, we conducted a systematic review to assess the rate of venous thrombosis (as assessed by mandatory venography) and the occurrence of major hemorrhage with each of these LMWH regimens in patients undergoing elective hip surgery. Our aim was to determine whether starting prophylaxis prior to surgery is advantageous. To allow a fair comparison, we limited the analysis to studies using the same dose of LMWH preoperatively or postoperatively.
METHODS

SEARCH STRATEGY
We searched for randomized controlled trials reporting on the incidence of venous thrombosis and bleeding in patients undergoing elective hip surgery with LMWH prophylaxis. Studies were identified through MEDLINE (Medical Subject Headings of the National Library of Medicine keywords: hip prosthesis, venous thrombosis, and low molecular weight heparins). The reference lists of the identified articles were then manually checked for additional publications.
ELIGIBILITY CRITERIA FOR STUDIES
Included in the systematic review were all trials that met the following criteria: (1) at least 1 arm of the study should have included a currently recommended dose of LMWH that is approved for both preoperative and postoperative initiation; (2) mandatory bilateral contrast venography, performed between days 6 and 15 postoperatively; (3) continuation of thromboprophylaxis until venography; (4) independent reading of venogram; and (5) assessment of clinically overt major bleeding by predefined criteria. Articles were excluded if separate data could not be obtained for patients undergoing elective hip surgery (in case of patient mix), or if they were reported more than once.
CLASSIFICATION OF THE PROPHYLACTIC REGIMENS
Studies were divided into 3 groups according to the time of the initiation of prophylaxis. Preoperative regimens had to start prophylaxis at least 12 hours before the operation, usually defined as the evening before surgery. The perioperative group included all trials that began prophylaxis 2 hours before or up to 4 hours after surgery. In the group using postoperative regimens, prophylaxis was started 12 to 48 hours after the surgical procedure.
OUTCOMES
Efficacy was assessed by the incidence of venographically documented DVT between 6 and 15 days postoperatively, or documented symptomatic DVT that occurred earlier. Safety was assessed by documenting the number of major bleeding episodes. No attempt was made to compare the frequency of minor bleeding because of the large variation in definitions used.
STATISTICAL ANALYSIS
The incidences of DVT and major bleeding were pooled for trials in each of the 3 regimens. Pooling was weighted based on sample size, and 95% confidence intervals (CIs) were calculated.
RESULTS
LITERATURE SEARCH AND TRIAL SELECTION
Of the 49 identified trials, 14 were not eligible (4 trials used doses of LMWH that are currently not recommended for preoperative and postoperative use; 1-4 ) venography was not mandatory in 5 trials [5] [6] [7] [8] [9] ; in 3 other studies, the time of venography was outside the 6-to 15-day postoperative window [10] [11] [12] ; in 1 trial, venography was only unilateral 13 ; and in 1 study, bleeding was not systematically documented. 14 Of the 35 potentially eligible studies, another 21 had to be ex-cluded. Of these, 13 were published more than once, 15-27 6 studies investigated patients with hip and/or knee arthroplasty where the data could not be analyzed separately, [28] [29] [30] [31] [32] [33] and 2 studies included patients with hip fractures. 34, 35 Thus, a total of 14 trials that reported on 19 cohorts of patients were included. [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] 
INCIDENCE OF POSTOPERATIVE DVT
Eleven trials were included for analysis of efficacy of the preoperative regimens; 9 with enoxaparin sodium, 1 with dalteparin sodium, and 1 with tinzaparin sodium ( Table 1) . Three studies were included for the perioperative regimen, 1 with enoxaparin and 2 with dalteparin, whereas 4 studies used a postoperative regimen, all using enoxaparin.
The overall incidence of DVT, as well as that for proximal and distal DVT separately, for the study cohorts is presented in Table 2 .
In the preoperative group of trials, a total of 1926 patients ( Table 3) were available with an incidence of thrombosis of 19.2% (95% CI, 17%-21%). The perioperative group included 925 patients (Table 3 ) and showed an incidence of postoperative DVT of 12.4% (95% CI, 10%-14%). In the postoperative group, a total of 694 patients were studied. The incidence of postoperative DVT was 14.4% (95% CI, 12%-17%). The incidence of proximal DVT was 7.6% for the preoperative group, 2% for the perioperative group, and 5% for the postoperative group. The majority of patients in both the preoperative and postoperative groups were treated with enoxaparin. If we limit the analysis to this LMWH only, the incidence of thrombosis for the preoperative group is 18% (95% CI, 16%-20%) and 14.4% (95% CI, 12%-17%) for the postoperative group (Table 2) .
INCIDENCE OF MAJOR BLEEDING
The incidence of major bleeding in each of the cohorts is summarized in Table 2 . In the preoperative group (2785 patients), the incidence of ma-jor bleeding was 1.4% (95% CI, 1%-2%), in the perioperative group (1315 patients), the incidence was 6.3% (95% CI, 5%-7%), and in the postoperative group (751 patients) it was 2.5% (95% CI, 1%-3%) ( Table 3 ).
COMMENT
The main conclusion of our pooled analysis across different studies with a preoperative, perioperative, or postoperative initiation of thromboprophylaxis with LMWH is that there is no convincing evidence that starting prophylaxis approximately 12 hours before surgery is more effective in preventing venography-detected DVT than starting 12 to 48 hours postoperatively (total DVT rate preoperatively and postoperatively; 19.2% [95% CI, 17%-21%] and 14.4% [95%CI, 12%-17%], respectively). Similarly, there is no evidence that the postoperative regimen is safer than the preoperative regimen. In contrast, when thromboprophylaxis is started either soon before (2 hours) or after (4 hours) surgery, even with reduced doses, there is a trend for a lower risk of venous thrombosis, but this benefit appears to be counterbalanced by a marked increase in the risk of major bleeding in comparison with the 2 other regimens (major bleeding rate was 6.3% [95% CI, 5%-7%] in the perioperative group compared with 1.4% [95% CI, 1%-2%] and 2.5% [95% CI, 1%-3%] in the preoperative and postoperative groups, respectively).
Since the across-study comparisons used in our analysis has obvious limitations, it is important to compare our findings with those of the few studies that have compared several regimens directly, as well as with an earlier overview on this topic. The only published study that compared a 12-hour preoperative regimen with a perioperative regimen (1 hour after induction of anesthesia) and a postoperative regimen (12 hours) was performed by Planes et al 23 -it found no statistical difference in efficacy. This study was performed to evaluate the safety of combining LMWH with various types of anesthesia and only about 60 patients were included in each of the 3 groups.
Recently, Hull and colleagues 41 compared an early preoperative regimen (2 hours preoperatively) with an early postoperative regimen (4 hours postoperatively) with reduced doses of an LMWH (dalteparin, 2500 IU, 2 hours preoperatively, 4 hours postoperatively, respectively, followed by 5000 IU/d). There were about 300 patients in each group. The incidence of postoperative thrombosis was 11% in the group that started prophylaxis 2 hours preoperatively and 13% in the 4 hours postoperative group. This relatively low incidence of thrombosis is offset by a relatively high rate of major bleeding of 8.8% in the early preoperative group and 6.8% in the early postoperative group. The rates of bleeding in both of these perioperative groups are higher than those observed in our pooled postoperative and preoperative groups as well as in the 2 other perioperative groups reported by Planes et al 23 and Fran- cis et al. 40 Comparisons of major bleeding in our analysis with the study reported by Hull et al 41 are limited both because they are indirect and because they did not use identical definitions of major bleeding. Our conclusions also differ from those reported in a meta-analysis published in 1999 in which the efficacy and safety of preoperative and postoperative initiation of a single LMWH was compared. 50 This ear- lier meta-analysis concluded that the preoperative regimen was more effective and as safe as the postoperative regimen. The major differences between the 2 meta-analyses are that we included more studies, allowed the inclusion of different LMWHs, and did not exclude the large study by Eriksson et al. 39 We limited our analysis to one and the same dose regimen used preoperatively and postoperatively so as not to introduce bias due to larger doses used postoperatively. If, however, we limit the analysis to the same LMWH that was studied in the other metaanalysis, our overall conclusions do not change.
The optimal timing for initiating postoperative thromboprophylaxis remains controversial. For example, the recent pentasaccharide study 4 initiated prophylaxis subcutaneously 6 hours after surgery with a major reduction in the rate of venous thrombosis without an apparent increase in clinically important bleeding. In another dose-finding study with a compound directed against the tissue factor VIIa complex, prophylaxis using the subcutaneous route 51 was started within 1 hour after surgery, without an apparent increase in major bleeding.
It is likely that with the increasing use of regional anesthesia, the preoperative initiation of thromboprophylaxis will gradually disappear and that future research will be directed toward the optimal timing of postoperative prophylaxis. It is also possible that the optimal timing might differ depending on the mechanism of action of the agent in question.
We conclude that for the currently used LMWHs, there is no convincing evidence that starting prophylaxis 12 hours preoperatively is associated with a lower risk of venous thrombosis than when prophylaxis is started 12 to 24 hours postoperatively. Perioperative thromboprophylactic regimens require further investigation before their role can be defined.
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